Although strategy use can influence span performance, effective strategy use does not appear to account for spancognition relationships (Dunlosky & Kane, 2007; Engle et al., 1992; Friedman & Miyake, 2004; Turley-Ames & Whitfield, 2003) . For example, Turley-Ames and Whitfield examined whether individual differences in strategy use mediated the relationship between performance on the operation span (OSPAN) task and the Nelson-Denny reading test. They found that the use of normatively effective strategies on the OSPAN task did not predict performance on the Nelson-Denny reading test. Such evidence is inconsistent with a general strategy mediation hypothesis (cf. McNamara & Scott, 2001) , which is that individual differences in effective strategy use entirely (or substantially) mediate the relationship between span performance and all criterion tasks.
In the present research, we evaluate another version of strategy mediation hypotheses, which predicts that strategy use on span tasks will mediate the span-cognition relationship for some tasks, but not for others. According to this strategy affordance hypothesis, strategy use will mediate span-cognition relationships only when the same strategies are afforded by both tasks. For instance, because the to-be-remembered stimuli for the OSPAN task are individual words, they afford several associative strategies, such as rehearsal, imagery, and sentence generation (Dunlosky & Kane, 2007; Kaakinen & Hyönä, 2007; McNamara & Scott, 2001; Turley-Ames & Whitfield, 2003) . Dunlosky & Kane, 2007) . Making these strategy reports appears to have minimal reactive effects on task performance and on strategy use (Dunlosky & Kane, 2007) , partly because people use these strategies even when they are not required to report strategies while performing these tasks (McNamara & Scott, 2001) . Moreover, Dunlosky and Kane used both concurrent (completed immediately after recall of each set) and retrospective (completed after all sets had been completed) set-by-set strategy reports. They found high consistency between both types of reports, suggesting minimal forgetting of the strategies that were used during the OSPAN task when they were reported after the task was completed. Because the reports yield similar results, we collected only retrospective strategy reports.
For the criterion tasks, we selected free-recall and paired-associate recall tasks, because they afford the same effective strategies as those afforded by these span tasks (e.g., Hertzog et al., 1998; Richardson, 1998) . On the freerecall task, effective strategy production was measured through global strategy reports, in which participants described any strategy that they used to remember the words. Strategy production was assessed on the paired-associate recall task via retrospective item-by-item reports. We also selected the Nelson-Denny test and SAT practice questions, because they are commonly used criterion tasks that afford different strategies than do verbal span tasks (Rich & Shepherd, 1993) . Strategy production on both reading comprehension tasks was measured through global strategy reports, in which participants explained any strategies that they used to complete the tasks.
The strategy affordance hypothesis predicts that individual differences in the proportion of normatively effective strategy use will mediate (or partially mediate) the correlation between span and memory tasks, but not between span and reading comprehension tasks.
MeThoD Participants
A total of 148 undergraduates (86 women) from introductory psychology courses at Kent State University participated to complete a course requirement. Their mean age was 19.3 years.
Materials
oSPAN task. We used the version of the OSPAN task described in . The participants saw a mathematical operation and a to-be-remembered word (e.g., "Is (3 3 2) 1 5 5 10? phone"). They read the equation aloud, reported whether it was correct, and then read the word aloud. Immediately thereafter, the next operationword pair appeared on-screen. A recall cue followed the final pair of the trial, and the participants wrote the target words in serial order. The OSPAN task consisted of 15 experimenter-paced trials that included from three to seven operation-word pairs. The order of set sizes was initially randomized, and that order was used for all the participants. Following the final trial, the participants completed retrospective set-by-set strategy reports created by Dunlosky and Kane (2007) . The stimuli from each trial were re-presented together on-screen (including all of the equations and words), and the participants indicated which strategy they had used to remember the words on that particular trial. RSPAN task. We used a modified version of the RSPAN task from . The participants saw either a logical or a Individual differences in strategy use should, therefore, mediate a span-cognition relationship when the cognitive task also affords the use of these effective strategies, such as paired-associate learning (Richardson, 1998) or learning lists of words for free recall (Hertzog, McGuire, & Lineweaver, 1998) .
By contrast, the strategies afforded by the OSPAN task cannot be readily used to improve performance on many criterion tasks typically used in the field. Consider again the results from Turley-Ames and Whitfield (2003) , who used the Nelson-Denny test as a measure of reading ability. In this task, participants read several passages and then answer multiple-choice questions about them. Although strategies such as self-questioning and summarization can be used on this task (Rich & Shepherd, 1993) , these strategies are not afforded by span tasks. Thus, the strategy affordance hypothesis predicts that strategy use will not mediate the relationship between performances on the span task and the Nelson-Denny test.
To date, no evidence is available that evaluates conditions in which strategies are expected to mediate spancognition relationships, because previous experiments have used criterion tasks that do not afford the associative strategies afforded by verbal span tasks. In particular, criterion tasks have measured general verbal knowledge (i.e., verbal analogies in Dunlosky & Kane, 2007; the verbal Scholastic Aptitude Test [SAT] in Engle et al., 1992) , and reading comprehension (i.e., SAT reading comprehension in Friedman & Miyake, 2004; the Nelson-Denny test in Turley-Ames & Whitfield, 2003) . A major aim of the present study was to empirically evaluate the strategy affordance hypothesis by examining whether strategy use more strongly mediates span-cognition relationships when the cognitive tasks afford the same strategies than when they do not.
To evaluate the strategy affordance hypothesis, we assessed strategy production on various cognitive tasks. For span tasks, we used the OSPAN and reading span (RSPAN) tasks. Strategy production on both span tasks was measured through set-by-set strategy reports. These strategy reports consisted of a prompt asking the participants whether they had used, on a given trial, reading, repetition, sentence generation, mental imagery, meaningful grouping, or a different strategy to remember the target items. These options were chosen because prior research had indicated that people use them on verbal span tasks (Dunlosky & Kane, 2007; Turley-Ames & Whitfield, 2003) . Strategies were categorized into normatively effective ones (imagery, sentence generation, and grouping) and less effective ones (e.g., reading and repetition), because previous research had demonstrated that memory performance is typically higher for the normatively effective strategies on episodic memory tasks (for reviews, see Hertzog et al., 1998; Richardson, 1998 ) and on the OSPAN task (Dunlosky & Kane, 2007) .
The validity of these set-by-set strategy reports has been established by demonstrating significantly higher performance on trials on which participants reported using normatively effective strategies than on trials on which they reported using less effective strategies for the OSPAN and RSPAN tasks (e.g., Bailey, Dunlosky, & Hertzog, in press ;
ReSulTS
Before we present the mediation analyses most relevant to the strategy affordance hypothesis, we will present (1) self-reported strategy use in order to establish that the participants employed normatively effective strategies while performing the span tasks and (2) span performance as a function of strategy use in order to validate that effective strategies improved span performance. These analyses replicate Dunlosky and Kane (2007) , who investigated only the OSPAN task, but importantly, they also extend the results to the RSPAN task.
Proportion of Reported Strategy use
For any given task, few participants reported using every strategy. To increase the power of analyses, we divided responses on the strategy reports into two categories: normatively effective and normatively less effective. Given outcomes from prior research (e.g., Richardson, 1998) , we considered interactive imagery, sentence generation, and grouping to be normatively effective and passive reading and rote repetition to be normatively less effective (the "other" option was not classifiable as effective or ineffective). Table 1 presents the means across individual participants' proportions of span task trials on which a given strategy was reported. Even though span tasks are designed to minimize strategy use, effective strategies were reported on an average of 28% and 26% of the OSPAN and RSPAN trials, respectively. Table 1 also includes the proportion of reported strategy use for the pairedassociate and free-recall tasks. As in previous research, we present means across individual participants' proportions of trials on which a given strategy was reported in the paired-associate task (Dunlosky & Hertzog, 1998) and the proportion of participants who reported using each strategy in the free-recall task . The participants reported using interactive imagery and sentence generation for both memory tasks, demonstrating that participants use similar effective strategies on the span tasks and these memory tasks.
By contrast, as compared with the span and memory tasks, the participants reported using different strategies when performing the comprehension tests. For the Nelson-Denny test and SAT questions, respectively, 27% and 36% of the participants reported skimming, 35% and nonsensical sentence and an unrelated word (e.g., "Mr. Owens left the lawnmower in the lemon.? eagle"). The participants read the sentence aloud, reported whether it made sense, and then read the word aloud. Once the word had been read aloud, the next sentence-word pair appeared on-screen. After the final pair of each trial, a recall cue prompted the participants to write the target words in serial order. The RSPAN task consisted of 15 experimenter-paced trials that included from three to seven sentence-word pairs presented in random order. The same set-by-set strategy reports as those from the OSPAN task were administered after the final trial of the RSPAN task. Performance on both span tasks was computed using partial-credit unit scoring (see Conway et al., 2005) .
Paired-associates cued-recall task. The participants studied 40 unrelated word pairs (e.g., Doctor-loBster) presented on the computer screen at a 5-sec rate. During the recall phase, the cues (e.g., Doctor) were presented in the same order as during encoding, and the participants typed in the correct response (e.g., loBster). Following the final recall trial, the participants completed a strategy report in which they recounted which specific strategy (passive reading, rote repetition, interactive imagery, sentence generation, or "other") they had used to remember each word pair (re-presented on-screen).
Free recall. A list of 20 words appeared individually on-screen at a 5-sec rate. The participants immediately recalled the words in any order. After recall, the participants described the strategies that they had used to help them remember the words, and they could indicate having used more than one strategy. We computed the percentage of participants who reported any given strategy.
Nelson-Denny reading comprehension test. The participants read eight passages and answered multiple-choice questions after each, with a 12-min time limit. Scores reflected the proportion of correctly answered items. After they had completed the Nelson-Denny test, the participants completed a global strategy report in which they described any strategy that they had used to help them complete the task. The percentage of participants who reported any given strategy was computed.
Scholastic Aptitude Test practice questions. The participants read eight expository passages and answered eight questions about each, with a 15-min time limit (from Rawson & Dunlosky, 2002) . Scores reflected the proportions of correctly answered items. After finishing this task, the participants completed a global strategy report in which they described any strategy that they had used to help them complete the task. The percentage of participants who reported any given strategy was computed.
Procedure
The participants completed two 1-h sessions, separated by 1 week. Each session consisted of one WM span task, one reading comprehension task, and one memory task, with the tasks administered on a Dell Optiplex GX280 computer. In Session 1, the participants completed the OSPAN task, the Nelson-Denny test, and the pairedassociates task. In Session 2, they completed the RSPAN task, SAT practice questions, and then the free-recall task. .18 a For span tasks and paired-associate recall, values are means across individual participants' proportions of trials on which a given strategy was reported. b For free recall, the values are the proportions of participants who reported a given strategy. The sum of the free-recall proportions is greater than 1.0 because participants were allowed to report using more than one strategy.
was not significant (Fs , 1). The interaction was not reliable for the RSPAN task (F , 3.7), but it was reliable for the OSPAN task [F(1,147) 5 13.1, MS e 5 0.39], indicating that the participants reported using effective strategies slightly more often for larger set sizes.
Performance As a Function of Reported Strategy use
For any strategy mediation hypotheses to be viable (whether general strategy mediation or strategy affordance), individual differences in effective strategy use on the span tasks must be related to performance. To evaluate this relationship, we averaged performance across trials by each kind of strategy report for each participant. Mean performance across participants' values is presented in Table 3 . As was mentioned above, we compared performance averaged across trials on which the participants reported using normatively effective strategies (i.e., imagery, sentence generation, and grouping) versus performance averaged across trials on which the participants reported less effective strategies (i.e., reading and rehearsal).
On the OSPAN task, the proportion of correctly recalled items was significantly higher when individuals reported using normatively effective strategies (.64) than when they reported using normatively less effective strategies (.54) [t(83) 5 4.01, p , .001, Cohen's (1988) d 5 .58]. The same pattern emerged for RSPAN [t(59) 5 3.86, p , .001, d 5 .58 (effective strategies 5 .60; ineffective strategies 5 .49)]. 1 Note that the degrees of freedom are relatively low, because only participants who reported using at least one effective and one less effective strategy could be included in these analyses, which resulted in dropping participants who reported using only effective ones (OSPAN, n 5 59; RSPAN, n 5 48) and those who reported using only less effective ones (OSPAN, n 5 4; RSPAN, n 5 5). For those included in the analyses, strategy use predicted span performance, as was expected (Dunlosky & Kane, 2007) .
Although less relevant to evaluating the strategy affordance hypothesis, we also examined whether effective strategy use was related to performance on the memory tasks. For paired-associate recall, the participants recalled 66% of the word pairs when they reported using effective strategies and only 17% when they reported using less effective strategies [t(98) 5 15.6, p , .001, d 5 1.88]. The same pattern was found for free recall: The participants who reported using any effective strategies recalled 53% of the words, versus 34% of the words for the participants who reported using only normatively less effective strategies [t(116) 5 5.83, p , .001, d 5 1.11].
24% reported reading the questions first before reading the passage, 30% and 24% reported summarizing the main ideas, and 8% and 16% reported using no strategy (i.e., reading the passage and then answering the questions). Just as important, fewer than 1% of the participants reported using any of the strategies that were commonly used on the verbal span tasks (e.g., imagery).
It is worth noting again that previous research has indicated that set-by-set (on the OSPAN task; Dunlosky & Kane, 2007) and item-by-item (on paired-associate recall; Dunlosky & Hertzog, 2001) reports do not have reactive effects on strategy use. That is, the act of making strategy reports on one task does not influence strategy use on that task or on later tasks. Additional support for this claim has come from the results of previous studies, which have demonstrated similar proportions of effective strategy use, as compared with the proportions observed in the present study on the OSPAN task (present study, M 5 0.28; Dunlosky & , M 5 .23), the RSPAN task (present study, M 5 .26; Bailey et al. [in press ], M 5 .27), pairedassociate recall (present study, M 5 .51; Dunlosky & Hertzog [1998] , M 5 .58), and free recall (present study, M 5 .49; Hertzog et al. [1998] , M 5 .49). Thus, in the present investigation, the participants' reports on one task were not likely to have had a reactive effect on reported strategy use on other tasks.
Finally, we also examined strategy use as a function of set size, either smaller (sizes 3 and 4) or larger (6 and 7). As is evident from an inspection of Table 2 , the participants tended more often to report using less effective than effective strategies, for both the OSPAN task [F(1,147) 5 62.6, MS e 5 25.6] and the RSPAN task [F (1, 117) Note-Less effective, reports of reading and repetition; effective, reports of imagery, sentence generation, and grouping. Smaller refers to set sizes of 3 and 4; larger refers to set sizes of 6 and 7. Values do not sum to 1.0 within rows because reports of "other strategy" were excluded from these analyses. egy use on the span tasks was not significantly related to performance on the comprehension tasks, which is inconsistent with a general strategy mediation hypothesis but indirectly supports the strategy affordance hypothesis. Most important, hierarchical regressions were conducted separately on the memory composite and on the comprehension composite, using span and effective strategy use as predictors. On Step 1 of the regression analyses, span performance was entered as a predictor of a given composite. On Step 2, proportion of effective strategy use was entered first, followed by span performance. These analyses allowed us to compare the amount of variance (R 2 ) in criterion task performance accounted for by span performance before (Step 1) and after (Step 2) controlling for strategy use. According to the strategy affordance hypothesis, span performance will account for less variance only in the memory composite after controlling for strategy use (Step 2) than it will when entered alone (Step 1). Results of these analyses are presented in Table 6 .
Concerning the span-memory relationship, the results from Step 1 of the regression showed that 20% of the variance in memory performance was shared with span performance. After controlling for strategy use (Step 2), memory performance shared only 12% of its variance with span performance. This reduction in shared variance indicates that strategy use accounts for 40% of the spanrelated variance in memory performance-that is, (20 2 12)/20] * 100 5 40%. By contrast, the total amount of shared variance between span and comprehension performance was 14%. After entering strategy use (Step 2), their shared variance was 13%, indicating that strategy use accounts for only 7% of the variance in the spancomprehension relationship.
The results from these analyses support predictions from the strategy affordance hypothesis; nevertheless, an alternative explanation is that differential mediation arose because more variance is shared between the span and memory composites, as compared with the span and comprehension composites. Although a t test revealed no significant differences between the two span-cognition correlations [t(145) , 1 ; Steiger, 1980] , we conducted another set of regressions similar to those described above, except that here, individual tasks, rather than composites, were used. This analysis was informative because, as is shown in Table 4 , correlations between individual span and comprehension tasks (e.g., the RSPAN task and the Nelson-Denny test) are similar in magnitude to, and sometimes even numerically greater than (e.g., RSPAN and SAT), the correlations between individual span and memory tasks (e.g., RSPAN and paired-associate recall). Outcomes from these regressions were consistent with those using composite variables: Strategy use mediated the span-memory relationships, but not the span-comprehension relationships (for detailed results, see the Appendix).
In the preceding analyses, the proportion of effective strategy use was entered into the regressions first, followed by span performance (at Step 2), to assess the amount of span-related variance in criterion task performance associated with strategy use. A related issue concerns whether strategy use has a unique contribution to criterion task
Strategy use As a Mediator
To evaluate the strategy affordance hypothesis, we first examined the zero-order correlations between the span and the criterion tasks (Table 4 ). The two tasks that measured each construct (span, episodic memory, and comprehension) were significantly related to one another (span task, r 5 .67; memory task, r 5 .46; comprehension task, r 5 .52). Thus, we used composite variables in conducting the mediational analyses, computed by averaging the standardized scores (z scores) on each task. Consistent with previous research, the WM span composite was significantly correlated with both the memory and the comprehension composites (Table 5) , and the magnitude of these correlations did not differ statistically [t(145) , 1]. Note that strategy use on the span tasks was significantly related to performance on the memory tasks, suggesting that strategy use may partly explain why span predicts performance on cognitive tasks. By contrast, effective strat- .28 ** .38 ** .11
Note-Effective strategy use is the proportion of normatively effective strategies that participants reported using on the operation span and reading span tasks. See the text for details. ** p , .01. .37 *** 11.91
Note-Effective strategy use is the proportion of normatively effective strategies that participants reported using on each task. R 2 listed beside "
Step 2" is the total amount of variance in criterion task performance accounted for by effective strategy use and span performance. *** p , .001.
to span scores. Although strategy may be both cause and effect, some previous research seems to be more in accord with a strategy-as-effect hypothesis (for a brief review, see Dunlosky & Kane, 2007) . For instance, Imbo, Duverne, and Lemaire (2007) investigated the role of WMC in solving arithmetic problems, and they concluded that "when fewer working memory resources were left, participants chose the simple strategy more often, especially to solve the most demanding problems" (p. 1258). Even if enhanced WMC increases the likelihood of strategy use (as per the strategy-as-effect hypothesis), it would not necessarily rule out the strategy affordance hypothesis for explaining span-cognition relationships. In particular, even if a high-span individual has the ability to use strategies on other tasks, this individual may be more strategic for some kinds of task (e.g., those affording verbal mediators) and may be less so for others kinds. Certainly, specific evaluation of these hypotheses is necessary, and the setby-set methods described here for the span tasks should be invaluable to such pursuits. Of importance, strategy use did not completely mediate even the span-memory relationship: Effective strategy use on the span tasks accounted for only 40% of the spanmemory relationships. Thus, although strategies may mediate span-cognition relationships under some circumstances, our findings suggest that even when the tasks afford the same strategies, other factors play a significant role in determining why span performance predicts individual differences in cognition. In addition to strategy use, constructs such as executive attention, processing speed, and attentional inhibition apparently play a role in the correlations observed between span tasks and other memory tasks; moreover, they very likely contribute to correlations among span and other cognitive tasks, such as reading comprehension, reasoning, and problem solving. performance beyond that due to span performance. To examine this issue, we conducted a final set of regression analyses in which span performance was entered first, followed by effective strategy use. After controlling for variance accounted for by span performance, effective strategy use significantly predicted memory performance (R 2 5 .07, β 5 .28, p , .001), but not comprehension performance (R 2 5 .00, β 5 .01, p . .05).
DiSCuSSioN
The present evidence is consistent with the strategy affordance hypothesis: Strategy use should mediate spancognition relationships when-and only when-identical strategies are afforded by span tasks and the other cognitive tasks. Our results help explain why previous studies failed to demonstrate that strategy use accounts for the relationship between span and cognitive abilities, such as general verbal knowledge and reading comprehension (Dunlosky & Kane, 2007; Engle et al., 1992; Friedman & Miyake, 2004; Turley-Ames & Whitfield, 2003) . An alternative explanation of this evidence is that strategy use mediated more of the span-memory relationship because, initially, span shared more variance with performance on the memory tasks than with performance on the comprehension tasks. This explanation is not viable, however, because the present results demonstrate equivalent correlations between the span-memory and the span-comprehension relationships. Of course, given the correlational nature of this investigation, some fourthand currently unknown-construct may account for the observed relationships between measures of span, strategy use, and memory performance. These results do, however, provide strong evidence against the general strategy mediation hypothesis and evidence that is clearly consistent with the strategy affordance hypothesis: Individual differences in strategy use are not responsible for all spancognition relationships-in particular, those in which the span and cognitive tasks do not afford the same strategies (e.g., span-comprehension correlations).
The present results, among others (e.g., Dunlosky & Kane, 2007; Engle et al., 1992; Friedman & Miyake, 2004; Turley-Ames & Whitfield, 2003) , indicate that strategy use can account for some of the performance variance in both the OSPAN and the RSPAN tasks, both of which are popular WM measures. Thus, when using these and other verbal span tasks, researchers should consider measuring strategy use, so that strategic behavior can be factored out of analyses that are relevant to investigating domain-general theories of working memory. Moreover, such results also motivate a critical question for future research-namely, to what extent does the capability to generate and implement effective strategies cause the statistical relationship between strategy use and span performance? According to the strategy-as-cause hypothesis, individuals who are more strategic merely obtain higher span scores. Alternatively, the strategy-as-effect hypothesis proposes that having higher WM capacity (WMC) allows one to be more strategic, which, in turn, contributes APPeNDix To supplement analyses of composite scores, we conducted hierarchical regressions on each of the individual span and criterion tasks. At Step 1 of the regression analyses, we entered either OSPAN or RSPAN performance as a predictor of a given criterion task. At Step 2, proportion of effective strategy use (for the span task under scrutiny) was first entered, followed by either OSPAN or RSPAN performance. These analyses allowed us to compare the amount of variance (R 2 ) in criterion task performance accounted for by span performance before (Step 1) and after (Step 2) controlling for strategy use (see Table A1 ). 
Finally, the values (variance accounted for by strategy use) presented in Table A2 were calculated using the formula described in the Results section:
Variance accounted for by strategy use 5 [(R 2 in Step 1 2 R 2 in Step 2)/R 2 in Step 1] * 100.
As is evident from Table A2 , effective strategy use consistently accounted for some of the span-memory relationship but accounted for minimal variance between span and comprehension performance. 
